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(57) Abstract 



An optica] sensor (10) is produced with a polymer based light source (18) and/or polymer based light detector (28). An 
electroluminescent source (18) has a conducting polymer layer (20) or alternatively a phosphor layer (20). A detector (28), of either 
Schottky or heteroj unction/hybrid type, has a pbotoconducing polymer layer (64) or adjacent conducting polymer (76) and semiconductor 
(78) layers where at least one is photoconducting. 
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OPTICAL SENSOR WITH ELECTROLUMINESCENT LIGHT SOURCE 
AND POLYMER LIGHT DETECTOR 

Background of the Invention 

The invention relates generally to optical sensors 
5 and more particularly to light source-transducer-detector 
structures and materials for optical sensors. 

A variety of fiber optic based and other chemical 
sensors have been developed, based on absorbance f 
fluorescence, refractive index and other effects. These 
10 sensor designs can incorporate a wide range of sensor 
chemistries and are thus capable of detecting virtually any 
desired target species. These sensors have diverse 
applications from environmental monitoring to medical 
diagnostics. 

15 a common problem to all optical sensors is the 

constraints imposed by available light sources and detectors. 
Typical conventional light sources include LED's, lasers and 
lamps. Detectors include photodiodes. Available light 
sources and detectors are often limited as to wavelength and 

20 power, as well as cost and size. Conventional sensors require 
coupling schemes to effectively input the light from the 
source to the transducer portion of the sensor and to return 
a light signal from the transducer to the detector. In one 
typical arrangement, as illustrated by U.S. Patent 5,059,790, 

25 the source and detector are positioned at the distal end of 
an optical fiber from the transducer (reservoir cell) . In an 
alternate arrangement, as illustrated by U.S. Patent 
5,116,759, the source and detector have been incorporated into 
the cell in direct proximity to the transducer. 

30 A recent development is an electroluminescent device 

made from a light emitting doped polymer, as described in 
Grem, etal., "Realization of a Blue-Light-Emitting Device 
Using Poly(p-phenylene) ," Adv. Mater. 4(1), Jan. 1992, pp 36- 
37; Cao etal., "Solution-cast films of polyaniline: Optical- 

35 quality transparent electrodes," Appl. Phys. Lett. 60(22), 1 
June 1992, pp 2711-2713; and Gustafsson, etal., "Flexible 
light-emitting diodes made from soluble conducting polymers," 
Nature, V. 357, 11 June 1992, pp 477-479. These "polymer 
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LED's" operate hy applying a voltage to a conducting polymer^ 
Th ese . powers are b eing developed for use 
electronic devices. The use of conductive pollers for F^s 
as well. as LEDs is described in Semiconductor International, . 
5 Jan. 1993, p. 26. 

g ummarv o£ Tuvention 

According to one aspect of the invention, there is 
provided an optical sensor, comprising: an optical ^-ducer; 
an electroluminescent light source operatively coupled to the 
10 transducer; a detector operatively coupled to the transducer 
According to another aspect of the invention, there 
is provided a polymeric light detector, comprising: a 
conducting polymer layer; a pair of electrodes surround^ the 
polymer layer, -at least one of which electrodes is 
„ Liferent; means connected to the electrodes for applying 
a voltage and for detecting an electric current produced m 
the polymer layer by incident light. 

According to a further aspect of the invention, 
there is preferably an optical sensor comprising an optical 
20 transducer, a light source for inputting light into the 
transducer, and a detector for detecting light from the 
transducer, wherein at least one of (a) the light source 
an electroluminescent light source comprising a layer of 
electroluminescent polymer and means for applying a voltage 
25 to the layer to produce light therefrom, and (b) the det ector 
is a layer of photoconducting polymer and means for detecting 
a current produced therefrom by incident light. 

The invention provides an improved optical sensor, 
an optical sensor with improved light source and/or detector 
30 design and a sandwich type optical sensor having a light 
source and detector formed therein. 

The invention is preferably an optical sensor which 
has a light emitting polymer as a light source and/or a 
polymer detector in combination with an optical transducer. 
35 The optical transducer can be of any type. The transducer may 
be essentially a waveguide with or without analyte sensing 
coating/materials either embedded in or attached on the 
surface. The transducer could also be a reservoir or other 
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type cell, A polymer light source is formed on the optical 
transducer so that light from the source is directly input 
into the transducer, A suitable detector may also be 
provided. The detector may be a polymer device which is the 
5 reverse of the polymer light source. Alternatively, the light 
source is conventional and the detector is made of either a 
conductive polymer or polymer/ inorganic semiconductor hybrid. 
Use of both a polymer source and polymer detector results in 
a sandwich type design in which the transducer , e.g., a layer 
10 of sensing chemistry on a waveguide, is sandwiched between the 
source and detector polymer layers. 

Brief Description of the Drawings 

In the accompanying drawings: 

Fig. 1 is a cross-sectional view of a simple sensor 
is configuration according to the invention. 

Figs. 2A,B illustrate two embodiments of a sandwich 
sensor according to the invention. 

Figs. 3A-C illustrate three embodiments of the 
invention with an optical fiber. 
20 Fig. 4 is a perspective view of a planar waveguide 

sensor in accordance with the invention. 

Figs. 5A-C illustrate channel waveguide sensors 
according to the invention. 

Fig. 6 is a cross-sectional view of a porous 
25 membrane embodiment of the invention. 

Fig. 7A-D are cross-sectional views of polymer 
detector structures. 

Detailed Description of the Preferred Embodiments 

As shown in Fig. 1, a simplified optical sensor 10 

30 includes an optical transducer 12 which comprises sensing 
chemistry 14 on substrate 16. Adjacent to the transducer 12 
is electroluminescent light source 18 which is formed of light 
emitting chemistry 20 surrounded by electrodes 22, 23. 
Voltage source 24 is connected across electrodes 22, 23. 

35 Electrode 23 which is between substrate 16 and light emitting 
chemistry 20 must be transparent. A flow channel 26 is formed 
in sensor 10 along the exposed face of sensing chemistry 14 . 
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. detector 2 s faces sensing chenistry 14 separated by channel 
« IZZ fro. source 18 passes directly into transducer 12. 
trough substrate la, which must he transparent, into sensing 
chemistry 14. A sample is flowed through channel 26 and . 
cnem y . . „ h= „< strv 1( The transducer nay be 

interacts with sensing chemistry 14. The .„ e 
of any type. e.g. absorption or fluorescence or refractive 
tnd" Z signal generated by transducer 12 passes across 

channei "r ^rr ^ - ^ 

U,ht source include seniconductor polymers or otter organic 
Aerials with a necessary bandgap to produce the desired 
light output. A poller or other organic material is made 

^conductive by the use of a dopant such as 
asp I 2 ,4,7-trinitro-9-fluorenone, carbasole, sodiun, 
AsF„ I„ 2.«. produces either 

' ^T^L^rs - e?.~ r holes in the naterial. 

: :rati .c- ot . d 0 p.d rrr 

c „ similarly be used to for. the el.ctroluninescent layer. 
In both cases, the layer is very thin, a few microns or less, 
in oou. Blaced between a pair of 

„ The electroluminescent layer pi 

electrodes and a voltage in the range of about 5 10 v 
IpHHd. The electrodes must generally be transparent and 
imoedance matched to the layer. 

".pedanc „ illus trative examples from the papers cited 
4 above poly(p-phenylene) or PPP »»s used as the 
:^o llinescent iayer. 0. S micron thicK. ~ 
oxide (ITO, and aluminum (Al) electrodes with a « '.«"» 
Tit:, applied to produce blue Ught. Also a substituted 
oolyfl 4-phenylene-vinylene, (HEH-PPV) electroluminescent layer 
3 „ ^'a sollbjpolyaniline (PAHX-CSA, hole- in< 

and calcium electron-injecting electrode and an ITO/HEH PPV/Ca 
device have been demonstrated. 

Polymers listed below for detectors can also be used 
as light sources when used alone or with »PP»P«>« 
3S dopant's, • The concentration of the dopant may vary from 0.0S 
i to 20 S based on the polymer weight. 

The invention provides a compact solid state 
sandwich structure particularly with a polymer detect* : or a 
hybrid detector made from polymers and inorganic 
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semiconductors. The sensing chemistry then basically 

sandwiched between two polymer layers which form the source 
and detector. Several variations of the structure result. 
As shown in Fig. 2A, sensing chemistry 30 is painted onto one 
5 side of substrate 32, e.g. a mylar film, and the 
electroluminescent source 34 is formed on the other side of 
substrate 32. The details of electroluminescent source 34 , 
e.g. electrodes and light emitting layer, are not shown but 
are similar to that of Fig. 1. A reverse polymer device 

10 (detector) 36 is then formed on one side of a second substrate 
38 and the sensing chemistry 30 is sandwiched between 
substrates 32, 38 with a flow channel 35 between sensing 
chemistry 30 and substrate 38. The position of the substrate 
38 and detector 36 can be reversed, as shown in Fig. 2B. 

15 The optical transducer may be of any type. In 

particular, the invention can be used with chemical sensors. 
However, the invention applies generally to all optical 
sensors. The waveguide type sensors use various forms of 
waveguides, e.g. fiber optic, channel, or planar. Also used 

20 are reservoir type sensors. As shown in Fig. 1, sensor 12 can 
represent a reservoir cell between source 18 and detector 28. 
No flow channel may be necessary since the sample may flow 
directly through the reservoir cell. 

As shown in Fig. 3A, electroluminescent light source 

25 42 may be formed on the end of an optical fiber 44 which has 
a side coated sensing chemistry 46. The detector (not shown) 
would be placed at the distal end of the fiber 44. However, 
because of the small surface area of a fiber tip, additional 
elements can be used to increase the size of the light source. 

30 As shown in Fig. 3B, a converging element 48 is placed at the 
end of fiber 44 to provide a wider surface area for source 42. 
Alternatively a cone 50 or lens which tapers to a point can 
be attached to the end of fiber 44 and source 42 formed on the 
lateral side of cone 50 to increase the area of source 42. 

35 a planar waveguide type sensor can also be used, as 

shown in Fig. 4. Planar waveguide 54 is formed on substrate 
60. Planar waveguide 52 has an electroluminescent light 
source 54 formed on one end face thereof and detector 56 
formed on the opposed end face. Sensing chemistry 58 is 



PCTAJS94/00368 

WO 94/17556 

f „- on tb. top sur.aee ol -aveguiae 53. ™e 
cnenistry sa M y be uni £ or, or source hsve 

». powers — 1 ^ \ 19 in oonstructin , . 

character tr:r:: n ^r-r«» ° £ 

5 sensors. Polymers can pr polynie rs may - 

10 h in Fias 5A,B which show perspective and end v.ews, 

As shown in F^- SM ^ substrate 

respectively, a channel wavegux nlace d at one 

60 P An electroiuninescent 11** ■ source « - ' ^ 

end o£ change! waveguiae * , ana - ^J 1 
«^ ^ensinq chemistry 58 is p^a^ 
» ° PPOS1 " rlJTSZ**. »■ " "lustr.tea, the sensing 
T'"^ SS i. ==n £ I^rea in discrete islands in a random 
ST^. =">ar patterns — 

- * — • j^rssr^ sc. sac 

2 o on a single substrata 60, as dete otor s««,b. 

- — — - ; n :n h r." — -» - 

MnSi " , . Ch "1 speoies. 
al " ttMt 'r^ricn =.n aiso be i»ple»entea using a porous 
. „, ' pleoe o £ a oonventionai substrate. As shown in 
25 B enbrane in plane o £ deposite a on a laembrane 33, 

rig. 6, sensing ohenistry 30 J 
ana electrolvuninesoent light souroe 34 is 
chemistry 30. Thus, the light on the 

with the sensing che»is ^ cheaistry „. I£ the 

M VIT^ VL su«ioiently porous, a sample 

^Tass aetector 3* a„a eeebrane 33 to sailing 

CbeMiBtTY Z Pdyneric aeteotors tbat are inoluaea in the 
Lon are of both sehottky barrier or 
" S-S^- ngures,»-0 show the =ross-se=tio„so £ 

• Pio 7A Detector 62 is formed of a conducting 
shown in Fig. 7A « 
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polymer layer 64 between a pair of electrodes 66,68. Light 
to be detected is incident through electrode 66 onto polymer 
layer 64. Electrode 66 must thus be light transparent and 
very thin. Therefore , electrode 66 includes a thicker step 
5 portion 70 to which an electrical connection 7? is made. 
Electrode 68 may be thicker since light does not pass 
therethrough , and an electrical connection 72 is made thereto. 
A low voltage is applied across polymer layer 64 between 
electrodes 66,68 through electrical connections 72. 
10 The conductive polymer layer conducts charge, either 

holes or electrons, depending on the particular material and 
any dopants. If layer 64 is photoconductive at the wavelength 
of the incident light to be measured, extra hole-electron 
pairs are produced by the incident light. The voltage across 
15 the layer draws the electrons and holes in opposite 
directions, toward opposed electrodes 66,68, producing a 
measurable current flow. this measured current is the 
detector output signal. 

If conductive layer 64 is not photoconductive at the 
20 wavelength of interest, the polymer layer 64 is formed of sub- 
layers 64a, b where sublayer 64a is a conducting polymer and 
sub-layer 64b, which is at the surface on which the light is 
incident, is a photoconductive polymer. Sublayer 64b thus 
acts as a photogenerator to produce the extra charge carriers 
25 (holes-electrons) and sublayer 64a is the transport layer 
across which the charge carriers are transported to produce 
the detector signal. Sublayer 64b will typically be thin, 
e;g. 5-10% of the total thickness of the composite layer 64. 

Typical dimensions of the polymer detector structure 
30 are as follows. Polymer layer 64 is between 1-100 /xm, and 
more preferably 1-10 /xm. If a composite layer 64a, b is used, 
the photoconductive sublayer 64b is 5-10% of the thickness. 
Electrode 66 through which the light passes is very thin, 5- 
100 nm, except for the step 70 which is 200-400 nm. Electrode 
35 68 is similar to step 70, 200-400 nm. The transparent 
electrode is typically tin oxide, but other materials 
including indium- or aluminum could also be used. 

Fig. 7B illustrates a similar polymer based Schottky 
type light detector which is double sided, i.e., light is 
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incident on either electrode, both of which ere confined as. 

r;'^r' £- h.t-ojunction/hyhrid type light 

. P4 „ ic Detector 74 is formed of a 
Aa+on+ar 74 is shown in Fig. 7C. ueteuuu,. 
detector 74 adjacent to an n-type 

5 p-type conducting polymer layer /t> , 
, llrto r laver 78 between a pair of electrodes 80,82. 
semiconductor layer ^ ^ 

Layers 74,76 form a 3 ^ onductive . 

ele ctrode 80 a photoC onducting sublayer. 

Tni scanbedone, " tQ electrodes 80 ,8 2 to 

Electrical connections 84 are man* «. n-v*. 
It low vdtage end neasure current flow. Inodent light 

apply a low vol 9 junction. The p-type 

produces current Jlow a ^ ^ ^ 

conducting polymer layer yp ^ 

~ n r e ..TrCrtan^r«t and S-100 » thic* (and 
.„ Electrode SO is J „ as „ tetrode 6* 

TpL: 1 "; « : whiletleXode he thicKe, 10-400 ». 

r;!^ sic— is a conventione! M teriel, e.g. , Si. 

20 0aAS - mother poller hased ^teroiunction/hyhrid type 

20 . p ; fl 7 n is similar to Fig. vc 

U9ht t d rr; r e u,;°; ^ « — . « - »- 

r^ontctot 9 layer ,0 which is photoconducting This 
So produces current flow across the p-n junction In this 
J a ,^n electrode 82 must be transparent so it is aooun 
25 configuration, electro ^ ^ 

5-lOOnm thick, except for a step P 
electrode 66. The n-type semiconductor layer /» 
; "xo \m, while the p-type conducting polymer layer ^76 is 
^cL: U tetrode 80 can be thicker, 10- 00 nm 

Polymers that can be usea 
30 ^oconductJ/conductive materials in such detectors include 
the following and various combinations thereof. 

Polythiophene and its derivatives 
Polyisothionaphthene 
3s Trans-polyacetylene 

Polyphenylene 

Copolymer of pyrrole and guinone 
Po ly qu ino 1 ine ( s ) 
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Polyaniline 

Sulfonated polyaniline 
Polyarylene vinylene 
Polyvinylene 
5 Polypyrrole and its derivatives 

Poly(n-vinyl carbazole) 

Polypheny lmethylsilylene/2 , 4 , 7-trinitro-9-f luorenone 
Polytetraf luoroethylene 
Copolymers of vinylidene fluoride and 
10 trif luoroethylene 

Blends of polyvinylidene fluoride and 

polyalkylmethacrylate (s) 
Poly(arylene azomethine) 
Poly(arylene sulfurdiimide) 
15 Poly(2-.N-carbazolylethyl raethacrylate) 

Poly[S-(w-N carbazolylalkyl)L-Cysteine] 
Poly (N-carbazolylethyl glycidyl ether) 
Poly (N-methyl-3-hydroxymethylcarbazolyl acrylate-co- 

acryloyl-3 ' -hydroxypropyl 3 , 5 dinitroben2oate) 
20 Poly [N- (2 -hydroxy ethyl) carbanolyl methacrylate-co- 

methacrylol-jj-hydroxyethyl 3,5- 

dinitrobenzoate ] 
Polymers incorporating metal phthalocyanin moiety, 

such as copper phthalocyanine 

25 The polymers can be both undoped or doped with an 

appropriate dopant such as AsF 5 , I 7i 2, 4, 7-trinitro-9- 
fluorenone, sodium, potassium, and carbazole and its 
derivatives. 

Polymeric detectors can include layered 
30 photoconductors with a photogenerator and transport-layer. 

Inorganic polymers acting as photoconductors in the 
detector include polymers with {P=N}- repeating unit (e.g., 
Po ly [ bis - ( 2 -naphthy loxyphosphaz ine) ] . 

Changes and modifications in the specifically 
35 described embodiments can be carried out without departing 
from the scope of the invention which is intended to be 
limited only by the scope of the appended claims. 
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An optical sensor, comprising: 

..«=«*■ of claim 1 wherein the 
The sensor of Clai compr ises a layer 

el ectroluBinescent U9ht sourc ^ 

of electroluminescent mat rial 

applying a voltage to the layer 

therefrom. 

«i- of Claim 23 wherein the material is a 
The sensor of cxaim * 

polymer. 

The sensor of claim 2 wherein the 
TecTo^neseent neteri.1 is a phosphor. 

claim 1 wherein the optical 
^rerfs^ewithasensin,^ 

coated thereon. 

The sensor of clais 5 "herein the waveguide is a 
fiber optic. 

rf Claim 1 wherein the optical 
Tne sensor of Claim x 

transducer is a reservoir cell. 

of Claim l wherein the optical 

chemistry- 
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The sensor of Claim 8 wherein the detector is 
separated from the sensing chemistry by a sample 
flow channel. 

The sensor of Claim 9 wherein the 
electroluminescent light source comprises a layer 
of electroluminescent material and means for 
applying a voltage to the layer. 

The sensor of Claim 1 wherein the detector 
comprises a layer of conducting polymer and means 
for detecting a current produced therefrom by 
incident light. 

The sensor of Claim 11 wherein the detector is a 
Shottky type detector, further comprising a pair of 
electrodes surrounding the conducting polymer. 

The sensor of Claim 11 wherein the conducting 
polymer is p-type and the detector is a 
hetero junction/hybrid detector further comprising 
an n-type semiconductor layer adjacent to the 
polymer layer to form a p-n junction and a pair of 
electrodes surrounding the two adjacent layers. 

A polymeric light detector, comprising: 
a conducting polymer layer; 

a pair of electrodes surrounding the polymer layer, 
at least one of which electrodes is transparent; 
means connected to the electrodes for applying a 
voltage and for detecting an electric current 
produced in the polymer layer by incident light. 

The detector of Claim 14 wherein the . conducting 
polymer layer is photoconducting. 

The detector of Claim 14 wherein the conducting 
polymer layer further comprises a photoconducting 
sublayer. 
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a , Claim 14 wherein the conducting 
Tne detector of Claam 1 uprising an 

poller layer is ^ ^ f to the poller 

^Vtr Tn i ^n/wberein at !east one 
layer to form a p n j i a ver is 

laver and semiconductor layer 
of the polymer layer 

photoconductive . 

poller layer U about 1400 I. thl<*. 

. o, clain 16 wherein the sublayer 
Ih e detector of Clai» q£ the 

thickness xs about 5 iu. 
polymer layer. 

Tn e detector of Claim 1, wherein the polymer is 
selected from the group consisting of 

Polythiophene and its derivatives 

Polyisothionaphthene 

Trans-polyacetylene 

Polyphenylene 

copolymer of pyrrole and quinone 

polyquinoline(s) 

Polyaniline 

Sulfonated polyaniline 

Polyarylene vinylene 

Polyvinylene 

Polypyrrole and its derivatives 
Poly(n-vinyl carbazole) . . > . fi _„ 

Polypheny Imethylsily lene-2 , 4 , 7-tr initro 9 

f luorenone 
polytetrafluoroethylene 
copolymers of vinylidene fluoride and 

tr i f luor oethy l^ne 
Blends of polyvinylidene fluoride and 

polyalkylmethacrylate (s) 
Poly(arylene azomethine) 
Poly(arylene sulfurdiimide) 
Poly (2-H-carbazolylethyl methacrylate) 
Poly[8-(w-H carbazolylalkyDL-cysteine] 
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Poly (N-carbazolylethyl glycidyl ether) 
Poly (N -methyl -3 -hydroxymethylcarbazolyl 
acrylate-co- 

acryloyl-3 '-hydroxypropyl 3,5 

dinitrobenzoate) 
Poly [ N- ( 2 -hydroxy ethyl ) carbazolyl 
methacrylate-co-methacrylol-/?-hydroxyethyl 
3 , 5-dinitrobenzoate] 

Polymers incorporating metal phthalocyanin 
moiety. 

The detector of Claim 17 wherein the polymer layer 
is about 0.1-1.0 /xm thick and the semiconductor 
layer is about 10-200 jxm thick. 

The detector of Claim 17 wherein the polymer layer 
is about 1-50 fim thick and the semiconductor layer 
is about 0.1-10 /xm thick. 

The detector of Claim 14 wherein the conducting 
polymer layer contains a dopant. 

The detector of Claim 14 wherein the polymer is an 
inorganic polymer with a fP=N^- repeating unit. 

An optical sensor comprising an optical transducer, 
a light source for inputting light into the 
transducer, and a detector for detecting light from 
the transducer, wherein at least one of (a) the 
light source is an electroluminescent light source 
comprising a layer of electroluminescent polymer 
and means for applying a voltage to the layer to 
produce light therefrom, and (b) the detector is a 
layer of photoconducting polymer and means for 
detecting a current produced therefrom by incident 
light. 

The sensor of Claim 25 wherein either polymer is 
selected from the group consisting of 



WO 94/17556 



PCTAJS94/00368 

14 



Polythiophene and its derivatives 
Polyisothionaphthene 
Trans-polyacetylene 
Polyphenylene 

copolyiaer of pyrrole and quinone 

Polyquinoline (s) 

Polyaniline 

sulfonated polyaniline 
Polyarylene vinylene 
Polyvinylene 

Polypyrrole and its derivatives 
Poly(n-vinyl carbazole) 

Polypheny imethylsilylene/ 2 , 4 , 7-tr initro-9- 

fluorenone 
Polytetrafluoroethylene 
copolymers of vinylidene fluoride and 

trifluoroethylene 
Blends of polyvinyl idene fluoride and 

polyalky lmethacrylate ( s ) 
Poly(arylene azomethine) 
Poly(arylene sulfurdiimide) 
Poly ( 2-N-carbazolylethy 1 methacry late) 
Poly [ S- (w-N carbazolylalkyl) L-Cysteine] 
P oly(N-carbazolylethyl glycidyl ether) 
Poly(N-methyl-3-hydroxymethylcarba Z olyl 

acrylate-co- 

acryloyl-3'-hydroxy P ropyl 3,5 

dinitrobenzoate) 
Poly[H-(2-hyaroKyethyl) c.rb«.lyl 
B eth.cryl=te-=o-meth a =rylol-S-hydro X yethyI 

3 . 5-dinitrobenzoate] 

P olym.rs incorporating net.1 phth.Xocy.nin 
moiety. 
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